ULTRASONIC AND INFRARED TRANSMITTER 
WITH TUNABLE CARRIER FREQUENCY 



F IELD OF THE INVENTION 

The present invention relates generally to a wireless carrier 
signal generator, and more specifically, to an ultrasonic and infrared 
transmitter with tunable carrier frequency. 

BACKGROUND OF THE INVENTION 

In the prior art, for wireless communications by infrared and 
ultrasonic transmitters, the infrared and ultrasonic carrier signals 
are generated in different ways, for instance by oscillators. 
However, the frequency of the carrier generated this way needs to be 
adjusted and thus inconvenient for utilization. FIG. 1 shows the 
circuit diagram of a conventional carrier signal generator for 
infrared or ultrasonic transmission, in which the output of an 
integrated circuit 10 is connected to a complicated carrier generator 
13 and an infrared light emitting diode (LED) or ultrasonic 
transducer 12, the carrier generator 13 for production of the carrier 
signal for infrared or ultrasonic output and the infrared LIGHT 



EMITTING DIODE or ultrasonic transducer 12 for transmission of 
the carrier signal. However, the frequency characteristics of the 
infrared LIGHT EMITTING DIODE and the ultrasonic transducer are 
different, once one transmission type has been determined, for 
example the ultrasonic one, the circuit must be modified to switch to 
the other transmission type. Therefore, the user has to choose the 
transmission type first and then design the circuit for producing the 
carrier, and thus it is more difficult to design the circuit. 

Due to the shortcomings of the prior arts, it is desired an 
ultrasonic and infrared transmitter with tunable carrier frequency. 

S UMMARY OF THE INVENTION 

One object of the present invention is to provide an ultrasonic 
and infrared transmitter with tunable carrier frequency, which is 
applicable to infrared LIGHT EMITTING DIODE and ultrasonic 
transducer of different carrier frequencies, and also enables the 
ultrasonic transducer to transmit signals of variable intensity and 
avoid interferences from environmental noises. According to the 
present invention, an ultrasonic and infrared transmitter with 
tunable carrier frequency comprises a frequency divider, 
multiplexers, output buffers and an infrared LIGHT EMITTING 
DIODE or ultrasonic transducer, among which the frequency divider, 



multiplexers and output buffers are integrated within an integrated 
circuit (IC) able to switch between ultrasonic and infrared carriers, 
and the integrated circuit provides two carrier signal output ports 
and two oscillation frequencies for the carrier. The frequency 
divider divides the oscillation frequency and feeds it to one input of 
the multiplexer which has the other input connected to the user 
co ntrolled data. The output of the multiplexer is then sent out from 
the first carrier signal output port of the integrated circuit through 
the output buffer. The process involved in generation of the carrier 
signal from the second carrier signal output port of the integrated 
circuit is similar to that, only the phase of the carrier signal from the 
second port carrier signal output port of the integrated circuit is 
inverted to that of the carrier signal from the first carrier signal 
output port of the integrated circuit. As a result, the described 
ultrasonic and infrared transmitter does not need additional carrier 
generation circuitry in order for infrared and ultrasonic 
transmission, which makes it easier to integrate the transmitter 
circuit with an integrated circuit, and more convenient for the user 
to select infrared or ultrasonic transmission. 



B3 RIEF DESCRIPTION OF THE DRAWINGS 



For a better understanding of the present invention, reference 
may be had to the following description of exemplary embodiments 



thereof, considered in conjunction with the accompanying drawings, 
in which: 

FIG. 1 shows the circuit diagram of a conventional infrared or 
ultrasonic carrier signal generation for transmission of signals from 
an integrated circuit; 

FIG. 2 is the circuit block diagram of one embodiment 
according to the present invention; 

FIG. 3 is a detail circuit schematic for implementation of the 
embodiment according to the present invention; 

FIG. 4 a detail circuit schematic for implementation of another 
embodiment according to the present invention; and 

FIG. 5 shows the signal waveforms of the integrated circuit 20 
able to switch between ultrasonic and infrared carriers. 

D ETAILED DESCRIPTION OF THE INVENTION 



FIG. 1 shows the circuit block diagram of one embodiment 
according to the present invention, which comprises an integrated 
circuit 20 able to switch between ultrasonic and infrared carriers, 



and at least one set of infrared LIGHT EMITTING DIODE 40 or 
ultrasonic transducer 50. The integrated circuit 20 provides two 
carrier signal output ports OUT1 and OUT2 to output oscillating 
signals. Moreover, the integrated circuit 20 able to switch between 
ultrasonic and infrared carriers includes a frequency divider 24 
where different divider can be set and circuit blocks 202 and 204. 
Carriers of different frequencies are obtained by dividing the 
oscillation frequency 22 by the frequency divider 24, and the circuit 
blocks 202 and 204 have the same architecture, which comprise 
multiplexers 30A and 30B, and output buffers 32A and 32B, 
respectively. The oscillation frequency 22 is divided by the 
frequency divider 24, then processed by the circuit block 202, and 
eventually outputted from the port OUT1. In the same manner, the 
oscillation frequency 22 is divided by the frequency divider 24, then 
processed by the circuit block 204, and eventually outputted from 
the port OUT2. For the first carrier signal output port OUT1, the 
carrier signal it outputs is obtained through the process that the 
frequency divider 24 divides the oscillation frequency 22 to produce 
the desired carrier, for instance a continuous carrier, and feeds it to 
the multiplexer 30A which has the other input to accept the user 
controlled signal DATA 128A, and the output of the multiplexer 30A 
is sent to the first carrier signal output port OUT1 through the 
output buffer 32A so as to transmit the DATA. The process for the 
second carrier signal output port OUT2 is similar to that for the first 
carrier signal output port OUT1, only that the oscillation frequency 
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22 divided by the frequency divider 24 is further inverted by the 
inverter 26 before it is connected to the circuit block 204, and thus 
the carrier signal from the second carrier signal output port OUT2 
has a phase opposite to that of the carrier signal from the first 
carrier signal output port OUT1. 

These two carrier signal output ports OUT1 and OUT2 can be 
connected respectively to the infrared LIGHT EMITTING DIODE 40 
or ultrasonic transducer 50 for signal transmissions as shown in 
FIG. 2, or share the same infrared LIGHT EMITTING DIODE 40 or 
ultrasonic transducer 50 as shown in FIG. 4. 

FIG. 3 shows a detail circuit schematic for implementation of 
the above embodiment. The multiplexer 30 A comprises crystal 
oscillators and controls the output by use of a select control signal 
MODE1 34A. When the select control signal MODE1 34A is 0, the 
multiplexer 30A outputs data signal DATA 128A. On the contrary, 
when the select control signal MODE1 34A is 1, the multiplexer 30A 
outputs a carrier FRE from the frequency divider 24. The output 
buffer 32A includes a digital logic circuit and a push-pull output 
stage, it accepts the output from the multiplexer 30A and outputs 
that to the first output port OUT1 of the integrated circuit 20 able to 
switch between ultrasonic and infrared carriers. When the enable 
signal ENZ1 36A is 0, the output buffer 32A is in normal state, and 
when the enable signal ENZ1 36A is 1, the output buffer 32 A is 



turned off and serves an output impedance. 

The multiplexer 24B controls the output by use of a select 
control signal MODE2 34B. When the select control signal MODE2 
34B is 0, the multiplexer 24B outputs the data signal DATA2 28B. 
On the contrary, when the select control signal MODE2 34A is 1 , the 
multiplexer 24B outputs the inverse of the carrier FRE from the 
frequency divider 24 in combination with the inverter 26. The 
output buffer 32B accepts the output from the multiplexer 24B and 
outputs that to the second output port OUT2 of the integrated 
circuit 20 able to switch between ultrasonic and infrared carriers. 
When the enable signal ENZ2 36B is 0, the output buffer 32B is in 
normal state, and when the enable signal ENZ2 36B is 0, the output 
buffer 32B is turned off and serves an output impedance. 

A detail circuit schematic of another embodiment is shown in 
FIG. 4. The carrier FRE is fed to a push-pull output stage 60, while 
its inverse produced by the inverter 26 is fed to another push-pull 
output stage 70. Outputs from these two push-pull output stages 
60 and 70 are connected to the infrared light emitting diode 40 or 
ultrasonic transducer 50 in a complementary fashion. Therefore, 
the carrier signal output ports OUT1 and OUT2 of the integrated 
circuit 20 able to switch between ultrasonic and infrared carriers 
can be connected to the same infrared light emitting diode 40 or 
ultrasonic transducer 50 to form a push-pull architecture to drive 



the infrared light emitting diode 40 or ultrasonic transducer 50. 

FIG. 5 shows the signal waveforms of the integrated circuit 20 
able to switch between ultrasonic and infrared carriers. In FIG. 
5(A), when the select control signals MODE1 34A and MODE2 34B 
are fixed at 0, the two carrier signal output ports OUT1 and OUT2 of 
the integrated circuit 20 output binary signals and can be used as 
ordinary data ports. In FIG. 5(B), when the select control signals 
MODE1 34A and MODE2 34B are the carrier signal outputs and the 
data signals DATA1 28A and DATA2 28B are fixed at 0, the two 
carrier signal output ports OUT1 and OUT2 of the integrated circuit 
20 output the carrier signals which can drive the infrared light 
emitting diode 40 or ultrasonic transducer 50. In FIG. 5(C), when 
the select control signals MODE1 34A and MODE2 34B are the 
carrier signals and the data signals DATA1 28A and DATA2 28B are 
fixed at 1, the two carrier signal output ports OUT1 and OUT2 of the 
integrated circuit 20 output the carrier signals which can drive the 
infrared light emitting diode 40 or ultrasonic transducer 50. 

Therefore, the disclosed apparatus can generate carrier 
signals for the infrared light emitting diode or ultrasonic transducer, 
and ordinary input/ output signals, it is hence versatile. The select 
control signals MODE1 34A and MODE2 34B, data signals DATA1 
28A and DATA2 28B, as well as carrier FRE can be combined 
according to user's requirements. The frequency, magnitude and 



duty cycle of the carrier FRE can be adjusted according to various 
considerations such as transmission protocols for the infrared light 
emitting diode or ultrasonic transducer, or the characteristics of the 
circuit components, which makes it easy to codesign the ultrasonic 
transmitter circuit and the integrated circuit, resulting in 
improvement of productivity and lowered cost. 

From the above, it should be understood that the 
embodiments described, in regard to the drawings, are merely 
exemplary and that a person skilled in the art may make variations 
and modifications to the shown embodiments without departing 
from the spirit and scope of the present invention. All variations 
and modifications are intended to be included within the scope of 
the present invention as defined in the appended claims. 



